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SUMI{ARY

Tests were conducted to investigate the effect of valve clear-
ance on valve-lift diagrams, lnock-limlited performance, and engine
cooling. Static erd running valve-lift dlagrams for a singlc front-
row cylinder mounted on a CUE crankcase were compared with static
valve-1ift diagrams for the multicylinder engine. Knock-limited
and cooling performance of the single—cylirder engine with several
cold valve clearances wae compared with that of the multicylinder
engine as determined in flight. The effect of valve clearances on
cylinder temperatures and fuel consumvtion was investigated in
cooling tests at constant power and constant fuel-alr ratio.

The resulte of the investigations indicated that the knmock-
limlted and cooling performance of the single-cylinder engine and
the multicylinder engine matched when valve clearances for the
single—~cylinder ergine gave running valve-lift dlagrams similar to
atatic valve-1llft dlagrams for the multicylinder engline. Knock-
iimited char ir flow of the single-cylinder engine was lowered
as much as-20 percent by changing the valve clearances. In cooling
tests at constant power and constant frel-alr ratio the same change
in valve clearances that lowered the kmock-limited charge—air flow
reduced the indicated specific fuel consumption but did not change
the cylinder temmeratures.

INTRODUCTION

At the request of the Army Alr Forces, Air Technical Service
Command, the MACA is conducting an investigation at the Cleveland
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laboratory to evaluate high antiknock hydrocarbons as components of
avietion fuel. In this program, tests are being conducted on a
single cylinder of a radial alrcraft englne and on the complete
engine on a teat atand and in fiight.

Prelimirary teste show that v:nder presumably the same test
conditions the knock-limited verformance of the single~cylinder
engine was considerably higher than that of the multicylinder
engines either in flight or oa the test stand. A number of engine
veriables were examlned to determins the reasons for the high knock
limit with the single~cylinder engine. Valve clearance was found
to be an important variable. Valve clearance affects performance
chiefly through the valve opening and closing eventa. The ovening
of the intake valve and the closing of the exhauvat valve are prod—
ably ¢f greatest importance ineamuch as valve overlap affects the
cvlinder scavernglng process. Diffcrences in the cam-follower
mechanisms apd tho thermal expansione of the cranlkcases of the
single—-cylinder and multicylinder engincs are kmown to cause dis-
simllar valve operating clearences.

Tests vero conductod during the early part of 1945 on a
sirglo—~cylinder englne to detormine the effect of valve clearance
on statlc arnd runzing valve-lift dlagrams and on knock-limited and
cooling performance. Stetic velve-lift diagrams were also obtained
or a mzlticylindor engine. For commarison, unpublished 'mock-
limited date. on the performance of a multicylinder engine in flight
are included.

ASPARATUS AwD PROCEDURE

A Pratt & Whltney R~1830~Q4 front-row cylinder was tested in
a single-cylinder setup, arranged as shown in figures 1 and 2.
Cylinder temperatures wecre moasured by iromn-constantan thermocouples
located et the rear apark-plug boss, the front sparl=—plug boss, the
rear middle barrel, and the rear flange. Mixture temperature was
indicated by an unshielded lron~constantan thermocouple in the
centor of the intake vipe.

The Pratt & WVhitney R-1830~-94 englne uscd in the flight tosts
in a B-24D airplerno had thermocouples irstalled at the same loca-
tions on all cylindors as for the single—cylinder engino. OCylinder
and rixture tomperaturcs werc dotermined from an average of the
14 cylinders. The cooling-air pressure droo for the multicylinder
ongine was mecasured by total-pressurs tubes in frornt of the cylinder
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and static-preossure tubes behind. For both the eingle-cylinder
and the multicylinder engines, the cooling-air pressure drop was
. multiplied by o, the ratlo of the alr density ahead of the
cylindor to a standard air demsity of 0.0765 pound per-cubic
foot.

The fuel used in all the tests was 28-B. Knock was detected
by magnetostrictlion pickup unlits, which were installel in the cyl-
inder heads at the same loeation ror both the single-~cylindor and
the multicylindor engines.

Static valve-lift diagrams for the single—cylinder and multi-
cylinder engines were obtalned by manually turning the engine ovor
and measuring valve movemont with a dial indicator. Rumming valve-
11ft diagrams were obtained for the singlo—-cylinder engine with an
instument develoved by the Instrument Division of the HACA at
Clevoland. The valve 1lift as recordod by the instrument was on-
larged 10 times; the accuracy of the dlagrams wes estimated to bo
+0.002 inch valve 1lift and +0.5° crankshaft rotation.

The valve-lift recording instrument omerated es follows:
The valve-lift diagram wae produced by sperks Jurping from a
stylues through paver wrapped on a drum rotated at crankshaft
spoed. The stylus was moved axially along the drum by a screw
driven by an electric motor. This motor wae synchronized with
another that moved an electric contact in & plckup unlt myunted
ovor the rocker-box cover. A4 rod fastened to thec valve-spring
washer projected through the rocker-box cover into the piclup
unit. The vortion of tho rod in the pickup unit contalned a
contact, which registered with the motor-~driven contrct twice
during euch engine cycle. These contacts in conjunction with on
eloctronic circuit produced a single intense spark at the stylus
cach time tho contacts closed. The synchronized motnrs wore
controlled by limit switches as woll as by tho operator. A com-
plete valve-l1lift diagram could be obtalned in about 20 seconds.

The engino operating conditions held constant in singlo-
cylinder teats to investigate valve-1lift diagrame, lmock-limited
performance, and cylinder coollng aro presented in the following
table:
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Yalve- Knook- Cylinder
Engine conditions 1ift limited cooling
diagrams| performance
Engine spoeed, rpm 2250 2250 2250
Inlet-air preseure, in. Hg abs 36 Varied Varied
Inlet—alr tempeorature (before
vaporization tank), 210 270 210
Fuel—-air ratio 0,075 Varied 0.075
Mixture temperature, °F 150 Varied Varied
Spark advance, deg. B.T.C. 25 25 25
Exheust pressure, in. Hg ebs. 29.4 29.3 +0.3 29 +0.3
and 15
Cylinder temperature at rear
sparlk~plug boss, °F 470 140 or varied | Varied
Cooling-air pressure drop, cdp,
in. water Varled Varied Varied
Compression ratio 6.7 6.7 6.7

Tre flight knock tests were conducted to compare  mock data
obtained wlth constant cowl-flap setting and constant cylinder
temperatures.

RESULTS AND DISCUSSIORN

Stetlec valve—1ift dlasrams. — Static valve-1lift diegrams arc
presented 1n flgure 3 for the single—cylinder and multicylisder
engines with 0.000-inch valve cloaranze and with valvo clearancos
that glve valve timing close to that avecified by the engine man-
ufacturer. The effsect of velvo clearance on valve overlap (both
valveos at same clearance), geonotrlic comprossion ratio, and geo-
metric cxpansion ratio (ratios determined from the plston position
when the intake valve closes and when the exhaust vaive opoas,
respectively) are shown in figure 4. The data in figure 3 show
that the running valve clearance for the sinzle~cylinder engine
should be about 0.105 inch in order to simulate the valve timing
spocified for tho multicylinder ergine.

Bunning valve-1lift diagrams. — When the single-crlinder en-
gino is started and brought to operating tomperatures, the changes
in valve clearances that occur are probably differcnt from thosc
of the multicylinder engine. BEven if the valve-clearance changes
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woro tho same for the single-cylinder and the multicylindor on-
gines, figure U shows that the valvo overlaps, geomotric com-
presslon ratios, and geometric expansion ratios would be differ-
ent. Thé forégoing céndlderations ilndicate that running valve-
1ift diagrams are necossary in order to detarmine the running
valve timing of thoese engines. Running valve~1lift dlagrams of.
the eingle—cylinder engino wore obtainod in order to dotermino
cold valve clearances that produce rumning valve timing as
specifiod for tho multicylinder engine.

A comparison is made in figure 5 of running valve-1ift
diagrauns obtainod with tho single~cylinder engine and static
velvo-1if+ diagrams with the multicylinder engine (fig, 3) for
velveo clearances that give the valve timing as specified by the
engine manufacturer. The diagram for the single~cylindor engine
operating with 0,010-inch cold clearances (specified by the manu~-
facturor) deviates considerably from the static diagrem for the
mlticylinder engine. Tho deviations during the opening and
closing of the velves and tho high 1ift are sufficlent to affoct
tho scavenging of the cylinder and tho engine performanco. When
tho cold cleoarances were changed to 0.090 inch for the intale
valve and 0.060 inch for the exhaust velve, the running valve—
1ift diagrams obtained agreod favorably with the static diagrams
for the multicylindor ongine.

Effoct of valve clearanco on knock-limited porformance. —
8inglo~cylinder-engine xmock and cooling data, with the valve
clearancea for the valve-1lift diegrems prosented in filgure 5,

are compared in figurees 6 and 7 with multicylinder-ongine flight
Imnck and coolins deota. The large valve cleoarances roduced the
knock-limitod chargc—air flow of the single~cylinder englnc as
mich as 26 porcont at a fuel-air ratio of 0.065 and 9.5 mercont

at a fuel-alr rrntio of 0.10. The knock-limited and cooling per-
formance of theo singlo~cylinder and multicyllinder englnes

matched when cold valve clearances wore used that gave running
valve-1lift dlagrame simller to the static dlagrams for tho multl-
oylinder cnginc. Tho knock-limited indicatod mean effectivo
prossure (fig. 6) for the multicylinder ongino was cetimeted

on the basis of 83-percent mechanical efficioncy. That the knock-
limited charge-—-air flows matched and thoe inlet—alr pressures did
not should be noted. Tho difference in temporetureas of tho
singlo-cylinder ongine and the multicylinder engine, shown in
figuro 7, would have no great effect on the kncck~limlted por-
formances.
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